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WKH EROW ORDG FKDQJHV ZKLFK LV FDOOHG (ODVWLF ,QWHUDFWLRQ )RU D JDVNHW EROWHG MRLQW FODPS ORDG ORVV LV PDLQO\
DWWULEXWHG WR WKH HODVWLF LQWHUDFWLRQ EHWZHHQ WKH IDVWHQHUV JDVNHW DQG MRLQW>@ 1DVVHU DQG $ONHODQL>@
H[SHULPHQWDOO\ VWXGLHG WKH FODPS ORDG ORVV GXH WR HODVWLF LQWHUDFWLRQ DQG JDVNHW FUHHS UHOD[DWLRQ LQ EROWHG MRLQWV






7KH WLJKWHQLQJPHWKRGV IRU WKHSUHORDGLQJRIEROWHG IODQJH MRLQWVDUHSURSRVHG LQ$60(3&&>@DQG-,6>@
VWDQGDUGV$OO WKHVHPHWKRGVDQGVWXGLHVPHQWLRQHGDERYHFRQFHUQ WKHIORDWLQJEROWHG IODQJH MRLQWV7KHUHDUHQR










 DQG )LJ :LWK WKH LQFUHDVLQJ RI WKH EROW IRUFH WKH PHWDO RXWHU ULQJ EHJLQV WR FRQWDFW WR WKH IODQJH VHDOLQJ
VXUIDFHVLHPHWDOWRPHWDOFRQWDFW00&VWDWHLVUHDFKHGLQWKHIODQJHMRLQW$WWKLVWLPHWKHEROWORDGLVWDNHQE\






ORDGV&RPSDUHGZLWKWKH IORDWLQJ )/7EROWHG IODQJH MRLQWV WKHUHDUHPDQ\DGYDQWDJHVRI WKLVVHDOLQJPRGHO IRU
H[DPSOHWKHIXUWKHUGHIRUPRIIODQJHVLVOLPLWHGE\WKHIL[HGSLWFKEORFNRUWKHOLPLWLQJULQJ,WPDNHVWKHVWLIIQHVV









HIIHFWVRIGLIIHUHQW WHPSHUDWXUHVRQWKH00&JDVNHWVHDOLQJSHUIRUPDQFH%XW WKHUH LVQRVWXG\RQWKHWLJKWHQLQJ
PHWKRGVRI00&EROWHGIODQJHMRLQWVWREHSXEOLVKHG
7LJKWSDWWHUQVRIEROWHGIODQJHMRLQWV
+HUH D QHZ WLJKWHQLQJ PHWKRG IRU 00& EROWHG IODQJH MRLQW QDPHO\ 6+0HWKRG LV UHFRPPHQGHG $V D
FRPSDULVRQ WKHVWDU WLJKWHQLQJSDWWHUQDQGWKHDOWHUQDWLYHSDWWHUQLQWKH$60(3&&DUHDOVRGHVFULEHGDQG
VWXGLHG$00&EROWHGIODQJHMRLQWZLWKEROWVLVFKRVHQDVWKHVWXG\H[DPSOHLQWKLVZRUN
3.1. Star tightening pattern in the ASME PCC-1 
7KHVWDUWLJKWHQLQJSDWWHUQLVUHFRPPHQGHGE\$60(VWDQGDUGVDVWKHEHVWWLJKWHQLQJPHWKRG,QWKLVPHWKRG











196   L.Z. Zhang et al. /  Procedia Engineering  130 ( 2015 )  193 – 203 
3.2. Alternative pattern # 3 in the ASME PCC-1 
7KHDOWHUQDWLYHSDWWHUQLVWKHVLPSOHVWZD\UHFRPPHQGHGLQ$60(VWDQGDUGV,QWKLVPHWKRGRQO\EROWVDUH
WLJKWHQHGDWWKHEHJLQQLQJDQGWKHQWKHEROWVDUHWLJKWHQHGFORFNZLVHO\,WLVQRQHHGWRQXPEHUHDFKEROWZLWKWKLV
























6HFRQG URXQG  RI )00& WLJKWHQLQJ VHTXHQFH ˈˈˈ²ˈˈˈ˗7KLV VWHS LV SHUIRUPHG WR
DFKLHYHWKHPHWDOWRPHWDOFRQWDFWEHWZHHQWKHIODQJHVHDOLQJVXUIDFHDQGWKHRXWHUULQJRIWKH00&JDVNHWDQGWR
HQVXUHWRJHWDQXQLIRUPFRQWDFWVWUHVV





+HUH D SDLU RI '131 ZHOGHG QHFN UDLVHG IDFH VWHHO SLSH IODQJHV DUH FKRVHQ DV WKH FDOFXODWH DQG






























S *H) $ S u   
6RWKHPLQLPXPUHTXLUHGWRWDOEROWORDG)%SLV
%S 00& S) ) )    
%ROWSUHORDGZLWKWKHFRQVLGHUDWLRQRIWKHEROWORDGGLVSHUVLRQ
'XULQJ WKH LQVWDOODWLRQ SURFHVV WKH EROW SUHORDG IOXFWXDWLRQV GXH WR WKH GLVSHUVLRQ RI WKH EROW ORDG VKRXOG EH
FRPSHQVDWHGWRHQVXUHDUHOLDEOHVHDOLQJ
:LWK FRQVLGHULQJ RI WKH EROW ORDG GLVSHUVLRQ DFFRUGLQJ WR (1>@ WKH LQLWLDO EROW ORDG GLVSHUVLRQV RI D
VLQJOHEROW QDPO\İ DQGİ DUH FDOFXODWHG DV IROORZLQJVZKHQ WKHEROWV DUH WLJKWHQHGXVLQJRQH WRUTXHZUHQFK
+HUHWKHIULFWLRQFRHIILFLHQWEHWZHHQWKHEROWDQGWKHQXWLVDVVXPHGDVȝ
İ     ȝ. .   u   
İ     ȝ. .   u   
7KHEROWORDGGLVSHUVLRQRIDOOEROWVDUH İ  DQG İ  
   %İ İ   Q //  u    
   %İ İ   Q //  u    






%PLQ %3) )  İ y    
   








WKH EROW ORDG LQ HDFK EROW LV PRUH WKDQ  RI WKH WDUJHW EROW SUHORDG WKH EROW ORDG GLVWULEXWLRQ LV DVVXPHG DV
XQLIRUPDQGWKHWLJKWHQLQJSURFHVVFDQEHHQGHG7KHWLJKWHQLQJHIIHFWZLWKWKHVHWKUHHWLJKWHQLQJSDWWHUQZLOOEH
HYDOXDWHGDQGFRPSDUHGE\IRXUSDUDPHWHUVQDPHO\WKHQXPEHURIORDGLQJURXQG51WRDFKLHYHDQXQLIRUPEROW
ORDG GLVWULEXWLRQ ORDG GLVSHUVLRQ /' QXPEHU RI WLJKWHQLQJ RSHUDWLRQ 71 DQG PRYLQJ QXPEHU 01 GXULQJ
WLJKWHQLQJRSHUDWLRQ

































































7LJKWHQLQJ3DWWHUQ /' 71 01
51  51 




6+0HWKRG    

,QVXPPDU\IRU00&EROWIODQJHMRLQWVWKHWLJKWHQLQJHIIHFW/'71DQG01ZLWKWKH6+0HWKRGLVEHWWHU





7.1. Instruction of the experimental device 
7KH H[SHULPHQWDO GHYLFH )LJ  FDQ EH GLYLGHG LQWR SDUWV QDPHO\ WKH EROWHG IODQJH V\VWHP PHGLXP 1
VXSSO\XQLW EROW VWUDLQ UHDOWLPHDFTXLVLWLRQ V\VWHP WKH OHDNDJHJDV DFTXLVLWLRQ V\VWHP7KHEROW VWUDLQ UHDOWLPH
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7KH%ROWHGIODQJHMRLQWLVFRPSRVHGRIWKHXSSHUDQGORZHUIODQJHV'131PDWHULDOVWDLQOHVVVWHHO
HLJKWVWXGV0PPORQJPDWHULDOVWDLQOHVVVWHHO WKHXSSHUDQG ORZHUFRQQHFWLRQ WXEHVDQGFRYHUV7KH
XVHGJDVNHWLVD00&JUDSKLWHJDVNHWZLWKLQQHUDQGRXWHUULQJV






)LUVWURXQG 6HFRQGURXQG 7KLUGURXQG )RUWKURXQG )LIWKURXQG
     
     
     
     
     
     
     
     
$YHUDJH     

)URPWKHGDWDLQ7DEOH WKH LQLWLDOSHULRGRI WLJKWHQLQJEROWIRUFHVDUHVFDWWHUHGODUJHO\QRWRQO\LQWKHILQLWH
HOHPHQW FDOFXODWLRQ UHVXOWV EXW DOVR LQ WKH H[SHULPHQWDO UHVXOWV:LWK WKH LQFUHDVLQJ RI WLJKWHQLQJ URXQG QXPEHU
HVSHFLDOO\LQ WKHIRUWKDQGILIWKURXQGV WKHEROWIRUFHJHWFORVHUDQGFORVHU WR WKHWDUJHWEROWIRUFHLQERWKUHVXOWV
0RUHRYHU WKHGLIIHUHQFHRI WKHEROW IRUFHEHWZHHQWKHFDOFXODWLRQUHVXOWDQG WKHH[SHULPHQWDO UHVXOW IRU WKHVDPH
EROWEHFRPHVVPDOOHU7KHDYHUDJHYDOXHRIWKLVGLIIHUHQFHLQWKHILIWKURXQGLVRQO\7KHUHVXOWVLQGLFDWHWKDWWKH













RI$60(3&& ,W LV FRQILUPHG WKDW WKH6+0HWKRGKDV WKH EHVW WLJKWHQLQJ HIIHFWZKLFK LV DOVR VKRZQ LQ WKH
FDOFXODWLRQUHVXOWZLWK$16<6
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&RQFOXVLRQV
7KH WLJKWHQLQJ PHWKRGV IRU 00& EROWHG IODQJH MRLQWV DUH VWXGLHG LQ WKLV ZRUN $FFRUGLQJ WR WKH VWUXFWXUDO
FKDUDFWHULVWLFVDQGVHDOLQJSULQFLSOHRI00&IODQJHMRLQWVWKH6+0HWKRGZKLFKKDVJRRGWLJKWHQLQJHIIHFWOHVV
RSHUDWLRQ DQG OHVVPRYLQJ LV UHFRPPHQGHG DV D VXLWDEOH SDWWHUQ IRU00& IODQJH MRLQWV ,W LV FRQILUPHG LQERWK
$16<6FDOFXODWLRQDQGH[SHULPHQWV7KHUHVXOWVDUHDOVRFRPSDUHGZLWKWKHVWDUSDWWHUQDQGDOWHUQDWLYHSDWWHUQ
LQ$60(3&&7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURPWKLVZRUN
˄˅ $WWKH LQLWLDORI WLJKWHQLQJSURFHVV WKH00&JDVNHWSUHVHQWV WKHVRIWJDVNHWFKDUDFWHULVWLFVDQGDIWHU WKH





˄˅ 7KHVXLWDEOHSDWWHUQIRUD00&IODQJHMRLQW WKH6+0HWKRG LV UHFRPPHQGHGLQ WKLVZRUN7KH$16<6
FDOFXODWLRQUHVXOWVVKRZHGZLWKWKH6+0HWKRGLWQHHGVOHVVWLJKWHQLQJURXQGVWRUHDFKWKHWDUJHWEROWIRUFH
OHVVQXPEHURIWLJKWHQLQJRSHUDWLRQDQGOHVVPRYLQJQXPEHUVDQGWKHEROWORDGGLVSHUVLRQLVORZHUIRUD
00& IODQJH MRLQW FRPSDULQJ WR WKH VWDU SDWWHUQ DQG WKH DOWHUQDWLYH SDWWHUQ LQ$60( 3&& 7KH 6+
0HWKRGVKRZVDVLJQLILFDQWDGYDQWDJHLQWKHWLJKWHQLQJHIIHFWDQGWLJKWHQLQJRSHUDWLRQV
˄˅ 7KH UHOLDELOLW\ RI WKH ILQLWH HOHPHQW PRGHO DQG WKH $16<6 FDOFXODWLRQ UHVXOWV DUH FRQILUPHG E\ WKH


















>@ 06FKDDI -%DUWRQLFHN&DOFXODWLRQRI%ROWHG)ODQJH&RQQHFWLRQV>&@7UDQVDFWLRQVRI WKHWK&RQIHUHQFHRQ60,573UDJXH&]HFK
5HSXEOLF>VQ@ˊ
>@ (1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